Bioenergetics of Corynebacterium glutamicum — Model-based quantification of bacterial oxidative phosphorylation  by Zelle, Elisabeth et al.
ATP concentrations inside the CWD E. coli and their relationship to
our other observations.
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Aerobic respiring bacteria gain ATP predominantly by substrate
level phosphorylation (SLP) and by electron transport phosphoryla-
tion (ETP). In many of these organisms ETP is assumed to be the
main contributor to ATP synthesis. This qualiﬁes the ETP as a
promising metabolic engineering target aiming at the design of
energetically superior strains.
In this study, we use a data-driven model-based approach to
achieve, for the ﬁrst time, a quantitative characterization of energy
formation in the industrial platform organism Corynebacterium
glutamicum. This superior amino-acid producer possesses a respira-
tory type of energy metabolism with oxygen or nitrate as terminal
electron acceptors. ATP can either be synthesized by SLP or by ETP
with the membrane-bound F1FO-ATP synthase using the proton
motive force (PMF) as driving force [1]. The respiratory chain of C.
glutamicum contains two terminal oxidases for oxygen as terminal
electron acceptor differing in proton translocation efﬁciency by a
factor of three. 13C-labeling experiments were performed with the
wild type and a mutant that is solely dependent on ATP generated by
SLP (ΔF1FO [2]). Data were evaluated with 13C metabolic ﬂux
analysis [3]. A comparison of the in vivo metabolic reaction rates
revealed that SLP and ETP contribute equally to ATP generation.
Additionally, the results predicted that 65% of the PMF is actually not
used for ATP synthesis, possibly leaving room for improving the
efﬁciency of the ETP and the product formation, e.g. by overexpress-
ing the ATP synthase to increase the portion of PMF used by the ETP.
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